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[MASK ROM STRUCTURE AND 
MANUFACTURING METHOD 

THEREOF] 

Background of Invention 

[0001] Field of Invention 

[0002] The present invention relates to a memory structure and a manufacturing method 
thereof. More particularly, the present invention relates to a mask read-only-memory 
(mask ROM) structure and its method of manufacture. 

[0003] Description of Related Art 

[0004] Most mask read-only-memory (mask ROM) comprises a plurality of bit lines (BL) 
and a plurality of word lines (WL) running across and above the bit lines. The channel 
region of each memory cell is located underneath the word lines and between two 
neighboring bit lines. For some mask ROM, programming involves planting ions into 
some of the memory cell channels so that a data bit "1" or "0" is stored in the memory 
cell. The process of planting ions into specified channel regions is often called a 
coding implant. 



[0005] 



In general, the coding implant for a mask ROM is carried out in a few steps. First, 
a photoresist layer is formed over a substrate and the photoresist layer is patterned 
using a photomask so that the channel regions where an ion implantation is desired 
are exposed. Thereafter, using the patterned photoresist layer as a mask, ions are 
implanted into the exposed channel regions. However, the photomask that serves as a 
coding mask in the code implant process for producing the mask ROM may contain 
both isolated pattern regions and dense pattern regions. While transferring the 
pattern in a photo-exposure operation, average intensity of the light falling on the 
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photoresist in the isolated pattern regions is stronger than average intensity of light 
falling on the dense pattern regions. Consequently, critical dimensions of the exposed 
pattern may deviate from the standard values due to optical proximity effect (OPE) 
between the isolated pattern regions and the dense pattern regions. Thus, when ions 
are implanted into the designated channel regions to program the mask ROM, 
misalignment of the implanted ions may occur leading to possible data error in some 
ROM cells. As a result, operating properties of each ROM cell may vary and overall 
reliability of the mask ROM may drop. 

[0006] To minimize the non-uniformity of critical dimensions after pattern exposure due 
to the presence of both dense pattern regions and isolated pattern regions in the 
coding mask, an optical proximity correction (OPC) method or a phase shift mask 
(PSM) technique is often deployed. In the optical proximity correction (OPC) method, a 
specially designed auxiliary pattern is introduced to eliminate critical dimension 
deviation caused by proximity effect. However, to implement the correction, a 
photomask with specially designed pattern must be produced. Since the photomask is 
expensive and difficult to make, overall production cost is increased. Moreover, 
debugging the defects in the pattern after fabrication is extremely difficult. 

[0007] Furthermore, if the coding mask in the coding implant process is misaligned or if 
the critical dimensions have some deviation, the coding ions originally intended for 
the channel regions may diffuse into the buried bit lines. When this happens, ion 
concentration within the buried bit lines may change leading to a reduction of current 
flow in the buried bit lines. 

Summary of Invention 

[0008] Accordingly, one object of the present invention is to provide a mask read-only- 
memory (mask ROM) structure and its method of manufacture capable of preventing 
the diffusion of coding ions into buried bit lines in the mask ROM and the subsequent 
reduction of current flow in the buried bit lines. 

[0009] 

A second object of this invention is to provide a mask read-only-memory 
structure and its method of manufacture capable of preventing critical dimension 
deviations in isolated pattern regions and dense pattern regions when a conventional 

« 
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coding implant process for programming the memory cells inside the mask ROM is 
deployed. 

[0010] A third object of this invention is to provide a mask read-only-memory structure 
and its method of manufacture capable of programming the mask ROM while 
employing neither the optical proximity method nor the phase shifting mask 
technique, thereby reducing production cost. 

[001 1] To achieve these and other advantages and in accordance with the purpose of the 
invention, as embodied and broadly described herein, the invention provides a mask 
read-only-memory (mask ROM) structure. The mask ROM includes a substrate, a 
buried bit line, a patterned stack layer, a gate oxide layer and a word line. The buried 
bit line is embedded inside the substrate. The stack layer covers a portion of the 
upper surface of the substrate. The stack layer comprises a first dielectric layer, a 
stopping layer and a second dielectric layer. In this invention, the first dielectric layer 
and the second dielectric layer are, for example, silicon oxide layer. The stopping 
layer is, for example, a silicon nitride layer or a silicon oxynitride layer. The gate oxide 
layer covers a portion of the upper surface of the substrate. The word line runs over 
and across the buried bit line to form a plurality of coding memory cells. Among the 
coding cells, the ones having a stack layer thereon are at a logic state "0" while the 
ones having a gate oxide layer thereon are at a logic state "1". 

[0012] 

This invention also provides a method of manufacturing a mask read-only- 
memory (mask ROM). A first dielectric layer, a stopping layer and a second dielectric 
layer are sequentially formed over a substrate to form a stack layer. The first dielectric 
layer and the second dielectric layer are silicon oxide layers and the stopping layer is a 
silicon nitride or a silicon oxynitride layer, for example. Using the stack layer as an 
implant mask, an ion implantation is carried out to form a buried bit line in the 
exposed substrate. A first photoresist layer is formed over the substrate. The first 
photoresist layer has a first line/distance pattern thereon. In this invention, the first 
line/distance pattern comprises a plurality of trenches running perpendicular to the 
buried bit line. The second dielectric layer and the stopping layer outside the first 
photoresist layer are removed to expose the first dielectric layer. Thereafter, the first 
photoresist layer is removed and a second photoresist layer is formed over the 
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substrate. The second photoresist layer has a second line/distance pattern. The 
second line/distance pattern extends in a direction different from the first 
line/distance pattern. In this invention, the second line/distance pattern extends in a 
direction perpendicular to the first line/distance pattern. The second line/distance 
pattern comprises a plurality of trenches parallel to the buried bit line. Using the 
second photoresist layer and the stopping layer as an etching mask, a portion of the 
second dielectric layer and the first dielectric layer are removed to expose the 
substrate and the stopping layer. A gate oxide layer is formed over the exposed 
substrate. A word line is formed over the substrate in a direction perpendicular to the 
buried bit line, thereby forming a plurality of coding cells. Among the coding cells, the 
ones having a stack layer thereon are at a logic state "0" while the ones having a gate 
oxide layer thereon are at a logic state "1 ". 

[0013] The mask ROM structure according to this invention is programmed not by a 

coding implant process. Hence, the problem of having coding ions diffusing into the 
buried bit line resulting in a reduction in the current-carrying capacity in the bit line is 
entirely eliminated. 

[0014] In this invention, the memory cells inside the mask ROM structure are 

programmed through patterning the stack layer. Thus, the non-uniformity of critical 
dimensions in the isolated pattern regions and dense pattern regions resulting from 
using a conventional method to form a coding mask layer is prevented. 

[001 5] The mask ROM structure according to this invention is manufactured without 
using either the optical proximity correction method or the phase shift mask 
technique. Hence, cost of producing the mask ROM is lowered considerably. 

[001 6] It is to be understood that both the foregoing general description and the 

following detailed description are exemplary, and are intended to provide further 
explanation of the invention as claimed. 

Brief Description of Drawings 

[001 7] 

The accompanying drawings are included to provide a further understanding of 
the invention, and are incorporated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, together with the description, 
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serve to explain the principles of the invention. In the drawings, 

[0018] Figs. 1 A to 1 F are sectional perspective views showing the progression of steps for 

producing a mask ROM according to one preferred embodiment of this invention; and 

[001 9] Fig. 2 is a cross-sectional view of a mask ROM cell according to one preferred 
embodiment of this invention. 

Detailed Description 

[0020] Reference will now be made in detail to the present preferred embodiments of the 
invention, examples of which are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the drawings and the description to 
refer to the same or like parts. 

[0021] Figs. 1 A to IF are sectional perspective views showing the progression of steps for 

producing a mask ROM according to one preferred embodiment of this invention. As 
shown in Fig. 1A, a stack layer 107 comprising a first dielectric layer 102, a stopping 
layer 1 04 and a second dielectric layer 1 06 is formed over a substrate 1 00 to form a 
stack layer 1 07. The stack layer 1 07 is formed, for example, by sequentially 
depositing a first dielectric material, a stopping layer material and a second dielectric 
material over the substrate 1 00 and patterning the second dielectric layer, the 
stopping layer and the first dielectric layer in photolithographic and etching 
processes. In this embodiment, the first dielectric layer 1 02 and the second dielectric 
layer 106 are silicon oxide layers and the stopping layer 104 is a silicon nitride layer 
or a silicon oxynitride layer, for example. Furthermore, the first dielectric layer 1 02 
preferably has a thickness between about 200 A to 800 A , the stopping layer 1 04 
preferably has a thickness between about 20 A to 80 A and the second dielectric layer 
1 06 preferably has a thickness between about 200 A to 800 A . Thereafter, using the 
stack layer 1 07 as an implant mask, an ion implantation is carried out to form a 
buried bit line 1 08 in the substrate 1 0 outside the stack layer 1 07. 

[0022] 

As shown in Fig. 1 B, a photoresist layer 1 09 is formed over the substrate 1 00 
covering the stack layer 1 07. A photomask 200 is placed over the photoresist layer 
109. The photomask 200 includes a first line/distance pattern. Here, the first 
line/distance pattern on the photomask 200 comprises a plurality of rectangular 
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opening patterns 202. A photolithographic process is conducted to transfer the 
pattern on the photomask 200 to the photoresist layer 1 09, thereby forming a first 
line/distance pattern in the photoresist layer 109. In this embodiment, the first 
line/distance pattern comprises a plurality of trenches 1 10 running in a direction 
perpendicular to the buried bit line 1 08 and the trenches 1 1 0 expose a portion of the 
stack layer 1 07. 

[0023] As shown in Fig. 1C, the exposed second dielectric layer 106 and the stopping 
layer 1 04 are etched using the photoresist layer 1 09 as an etching mask to form a 
patterned second dielectric layer 106a and a stopping layer 104a as well as an 
opening pattern 1 12 that exposes the first dielectric layer 102. The etching operation 
is a two-stage etching process that etches the second dielectric layer 1 06 and the 
stopping layer 104 separately. Since the etching rate between the stopping layer 104 
and the second dielectric layer 106 are different and the etching rate between the first 
dielectric layer 102 and the stopping layer 104 are also different, etching will stop at 
the stopping layer 104 and the first dielectric layer 102 in each of the two-stage 
etching operations. 

[0024] As shown in Fig. 1 D, the photoresist layer 1 09 is removed. Another photoresist 
layer 1 14 is formed over the substrate 100. Another photomask 300 is placed over 
the photoresist layer 1 14. The photomask 300 has a second line/distance pattern 
thereon comprising a plurality of rectangular opening patterns 302. A 
photolithographic process is conducted to transfer the pattern on the photomask 300 
to the photoresist layer 1 14, thereby forming a second line/distance pattern in the 
photoresist layer 1 14. The second line/distance pattern extends in a direction that 
differs from the first line/distance pattern. In this embodiment, the second 
line/distance pattern extends in a direction perpendicular to the first line/distance 
pattern. The second line/distance pattern comprises a plurality of trenches 1 1 6 
running parallel to the buried bit line 1 08. The trenches 1 1 6 expose a portion of the 
first dielectric layer 102, a portion of the stopping layer 104a and a portion of the 
second dielectric layer 106a. 

[0025] 

Using the photoresist layer 1 14 and the stopping layer 104a as an etching mask, 
the exposed second dielectric layer 106a and the first dielectric layer 102 in the 
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trenches 1 1 6 is removed to form a patterned second dielectric layer I06b and a 
patterned first dielectric layer I 02a. A T-shaped opening l l 8 that exposes the 
substrate 1 00 is also formed (as shown in Fig. 1 E). 

[0026] Refer next to Figs. 1 F and 2. Fig. 2 is a cross-sectional view of the mask ROM cell 
according to one preferred embodiment of this invention. The photoresist layer 1 14 is 
removed. A gate oxide layer 120 is formed on the exposed surface of the substrate 
1 00. The gate oxide layer 1 20 is formed, for example, by thermal oxidation. 
Thereafter, a word line 1 22 is formed over the substrate 1 00 in a direction 
perpendicular to the buried bit line 1 08, thereby forming a plurality of coding cells. 
Among the coding cells, the ones having a three-layered stack 1 07a including a first 
dielectric layer 102a, a stopping layer 104a and a second dielectric layer 106b are in a 
logic state "0". The other coding cells having no stack layer 107a thereon but a gate 
oxide layer 120 thereon are in a logic state "1". 

[0027] In this invention, the mask ROM includes a substrate 1 00, a buried bit line 1 08, a 
patterned stack layer 107a, a gate oxide layer 120 and a word line 122. The buried bit 
line 108 is embedded inside the substrate 100. The stack layer 107a covers a portion 
of the upper surface of the substrate 100. The stack layer 107a comprises a first 
dielectric layer 102a, a stopping layer 104a and a second dielectric layer 106b. In this 
embodiment, the first dielectric layer 102a and the second dielectric layer 106b are 
made from silicon oxide material and the stopping layer 104a is made from silicon 
nitride or silicon oxynitride material, for example. In addition, the gate oxide layer 
1 20 covers only the portion of the upper surface of the substrate 1 00 without any first 
dielectric layer 102a, stopping layer 104a and second dielectric layer 106b thereon. 
The word line 122 runs over the buried bit line 1 08 and forms a plurality of coding 
cells. Among these coding cells, the ones having a stack layer 1 07a thereon are at a 
logic state "0" while the ones having a gate oxide layer 1 20 thereon are at a logic state 
"1". 

[0028] 

Note that the mask ROM fabricated according to this invention has a three-layered 
structure including the second dielectric layer 106b, the stopping layer 104a and the 
first dielectric layer 102a as well as a two-layered structure including the stopping 
layer 1 04a and the first dielectric layer 1 02a over the surface of the substrate 1 00 
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between two neighboring word lines 122. 

[0029] In this invention, the memory cells inside the mask ROM structure are 

programmed through patterning the stack layer instead of a conventional coding 
implant process. Thus, the non-uniformity of critical dimensions in the isolated 
pattern regions and dense pattern regions resulting from using a conventionally 
manufactured coding mask is prevented. 

[0030] Since the mask ROM structure according to this invention is not programmed by a 
conventional coding implant process, the problem of having coding ions diffusing into 
the buried bit line resulting in a reduction in the current-carrying capacity in the bit 
line is eliminated. 

[0031] Moreover, a pair of masks each having a different line/distance pattern is used to 
pattern the stack layer so that openings having a dimension as small as 0.1 2 p m are 
easily formed in the stack layer. 

[0032] In addition, the mask ROM structure according to this invention is manufactured 
without using either the optical proximity correction method or the phase shift mask 
technique. Thus, the cost of producing the mask ROM is lowered considerably. 

[0033] It will be apparent to those skilled in the art that various modifications and 

variations can be made to the structure of the present invention without departing 
from the scope or spirit of the invention. In view of the foregoing, it is intended that 
the present invention cover modifications and variations of this invention provided 
they fall within the scope of the following claims and their equivalents. 



AppJD= 10065431 



Page 8 of 20 



